It has been demonstrated in vitro that low concentrations of ascorbic acid rapidly depolymerize purified hyaluronic acid as judged from viscosity measurements (Skanse and Sundblad, 1943; Pigman, Rizvi, and Holley, 1961) . Abrams and Sandson (1964) reported that the hyaluronic acid in rheumatoid synovial fluid is resistant to depolymerization by ascorbic acid in vitro. Serum proteins have been shown to inhibit the action of ascorbic acid on purified hyaluronic acid. The alpha-2 globulin fraction was found to contain the serum proteins most active in inhibiting the reaction (De Salegui, Rizvi, Holley, and Pigman, 1962; Pigman and Rizvi, 1959) . The increased concentration of blood serum proteins in synovial fluid from patients with rheumatoid arthritis has been repeatedly reported since the original observation of Ropes and Bauer (1953) , and the marked increase in alpha-2 globulins has been noted by Binette and Schmid (1965) . Reports from this laboratory showed that the concentrations of haptoglobin (Niedermeier, Cross, and Beetham, 1965) and ceruloplasmin (Niedermeier, 1965a) , which are both alpha-2 glycoproteins, are markedly raised in synovial fluid of patients with rheumatoid arthritis. Ceruloplasmin has been shown to inhibit ascorbic acid-induced depolymerization of purified preparations of hyaluronic acid (Niedermeier, 1965b (Niedermeier, , 1966 .
The present studies were undertaken to determine whether the presence of ceruloplasmin in increased amounts could account for the failure of ascorbic acid to depolymerize hyaluronic acid in synovial fluid from patients with rheumatoid arthritis. (Matsumura, De Salegui, Herp, and Pigman, 1963) . The preparation used in these studies had a hyaluronic acid concentration of 207 mg./100 ml. and an intrinsic viscosity of 46 dl./g.
Synovial fluid specimens were collected from the knee joints of seven cadavers, selected at random, without evidence of rheumatic disease and from eight living patients who had definite or classical rheumatoid arthritis (Ropes, Bennett, Cobb, Jacox, and Jessar, 1957) . The specimens were stored at 20 C. until used. To some of the specimens from patients with rheumatoid arthritis an equal volume of purified hyaluronic acid was added in order to increase their hyaluronic acid concentration and viscosity to values comparable to those of the post mortem specimens. The analytical values listed in Table  II for intrinsic viscosity, hyaluronic acid concentration, and ceruloplasmin concentration of solutions prepared from rheumatoid synovial fluid were obtained after addition of purified hyaluronic acid to the synovial fluids.
Purified ceruloplasmin was supplied by the American National Red Cross and A. B. Kabi, Stockholm. Tiselius electrophoresis in veronal buffer, 0 1 ,u at pH 8 -6 showed that, in addition to ceruloplasmin which had a mobility of 4 -6, all the preparations contained a contaminant with a mobility of 5 * 50 which probably represented an alpha-I globulin. Two preparations that contained different proportions of what appeared electrophoretically to be the same contaminant had essentially the same activity per mg. ceruloplasmin in protecting hyaluronic acid from depolymerization by ascorbic acid, indicating that the results obtained represent the activity of ceruloplasmin and not the alpha-i globulin contaminant. Reagent grade L-ascorbic acid was purchased from J. T. Baker Chemical Company.
Ceruloplasmin concentration was determined on the basis of its capacity to oxidize paraphenylenediamine by the method of Scheinberg and Morell (1957) . Total protein was determined by the Phenol method (Lowry, Rosebrough, Farr, and Randall, 1951) . Hyaluronic acid was determined by the method of Dische (1947 
Results
The typical effects of 0-08 mM/I. ascorbic acid on depolymerization of hyaluronic acid in post mortem synovial fluid (PMSF), rheumatoid synovial fluid (RASF), and rheumatoid synovial fluid to which purified hyaluronic acid (RASF +HA) was added are compared with its effect on purified hyaluronic acid (HA) in the Figure. The initial rate of depolymerization of purified hyaluronic acid was considerably greater than that of hyaluronic acid in post mortem synovial fluid. In the presence of rheumatoid synovial fluid, neither endogenously present hyaluronic acid nor purified hyaluronic acid added to the fluid were appreciably depolymerized by 0 08 mM/l. ascorbic acid. The effect of 0 *08 mM/l. ascorbic acid on depolymerization of hyaluronic acid was determined in seven specimens of post mortem synovial fluid and in eight specimens of rheumatoid synovial fluid to which purified hyaluronic acid was added as shown in Table I . The ceruloplasmin and hyaluronic acid concentrations indicated in the Table represent the concentrations in the solutions on which viscosity measurements were made. The mean ceruloplasmin concentration in solutions prepared from seven specimens of post mortem synovial fluid was 1 0 mg. per cent. and the mean rate of increase in fluidity was 0*008 t units/min. The mean ceruloplasmin concentration in solutions prepared from eight specimens of rheumatoid synovial fluid was 4 3 mg. per cent. and the rate of increase in fluidity was less than 0-001 0 units/min., or more than 87 -5 per cent. less than that in those prepared from post mortem synovial fluid. The effect of ceruloplasmin on the rate of depolymerization of hyaluronic acid in post mortem synovial fluid is compared with its effect on purified hyaluronic acid in Table III . The ceruloplasmin concentration of a pool consisting of three post mortem synovial fluid specimens was determined. The pooled specimen was divided into four aliquots. Purified ceruloplasmin was added to three of the aliquots to a concentration of 10, 50, and 100 mg. per cent. respectively. No ceruloplasmin was added to the fourth aliquot which served as a control. The effect of ascorbic acid on depolymerization in these A j control solutions was compared with its effect on solutions of purified hyaluronic acid to which was added the same concentrations of ceruloplasmin. The rate of increase in fluidity of the solutions that contained purified hyaluronic acid was between two and four times greater than that of the solution prepared from synovial fluid which contained the same concentration of ceruloplasmin. Based on the rate of depolymerization of the respective solution to which no ceruloplasmin was added, the percentage inhibition due to ceruloplasmin was essentially the same in synovial fluid as it was in the solutions that contained purified hyaluronic acid.
The capacity of blood serum to inhibit depolymerization of purified hyaluronic acid is demonstrated by the data presented in Table IV (overleaf).
Three serum specimens, selected on the basis of their content of ceruloplasmin, from a patient with Wilson's disease, a patient with rheumatoid arthritis, and a "normal" volunteer, contained 5 2, 76, and 28 mg. per cent. ceruloplasmin respectively. These were added in the quantities indicated in Table IV to solutions of purified hyaluronic acid and their capacity to inhibit ascorbic acid induced depolymerization was determined. The concentrations of total protein and ceruloplasmin indicated in the Table represent the final concentrations in the solution on which viscosities were determined. All three blood serum specimens were potent inhibitors of depolymerization. Their capacity to inhibit the reaction was greatly in excess of that which could be attributed to their ceruloplasmin content. Even the specimen of blood serum from the patient with Wilson's disease, which contributed only minute quantities of ceruloplasmin, was a potent inhibitor. The addition of 0 25 ml. rheumatoid blood serum contributed only 9-5 mg. per cent. ceruloplasmin to the solution. The fluidity of this solution increased at the rate of only 0 * 0003 + units/min., 97 * 5 per cent. less than that of the solution in the absence of added blood serum or ceruloplasmin. As noted in Table II , the increase in fluidity of a solution of purified hyaluronic acid in the presence of 10 mg. per cent.
ceruloplasmin was 0-0096 sb units/min., only 53 -8 per cent. less than that in the absence of ceruloplasmin.
When considered on the basis of total protein concentration, however, ceruloplasmin was a more effective inhibitor than whole blood serum. In the presence of 100 mg. per cent. ceruloplasmin, as noted in Table II, from either the patient with Wilson's disease or the "normal" volunteer, fluidity increased at the rate of 0*0065 units/min., 51 per cent. of that for the comparable solution to which no blood serum proteins were added. Discussion Abrams and Sandson (1964) reported that hyaluronic acid in rheumatoid synovial fluid was resistant to depolymerization by ascorbic acid and suggested that the factor responsible for inhibition of the reaction was an alpha-2 globulin. The present studies also demonstrated the resistance of hyaluronic acid in rheumatoid synovial fluid to depolymerization by 0 08 mM/I. ascorbic acid. The hyaluronic acid present in post mortem synovial fluid from cadavers without evidence of rheumatic disease underwent depolymerization, but at a slower rate than in solutions that contained purified hyaluronic acid in the absence of synovial fluid. By increasing the ascorbic acid concentration to 0 * 32 mM/l., depolymerization of hyaluronic acid in rheumatoid synovial fluid could be demonstrated. Purified hyaluronic acid from cattle synovial fluid, when added to rheumatoid synovial fluid, was also resistant to depolymerization. This supported the hypothesis that the failure of ascorbic acid to increase the fluidity of the solution was due to the presence of inhibiting factors rather than to a difference in molecular structure or configuration of hyaluronic acid endogenously present in rheumatoid synovial fluid. The capacity of ceruloplasmin to inhibit depolymerization was approximately the same in post mortem synovial fluid as it was in solutions of purified hyaluronic acid.
The experiments in which the effect of blood serum on the depolymerization of hyaluronic acid by ascorbic acid was studied revealed that, on the basis of total protein concentration, whole blood serum was less effective than ceruloplasmin in inhibiting the reaction. The activity of whole blood serum was greater, however, than could be accounted for on the basis of its ceruloplasmin concentration. The results indicate that blood serum contains some factor in addition to ceruloplasmin that inhibits the depolymerization of hyaluronic acid by ascorbic acid. This factor, which appears to act independently of ceruloplasmin, is probably also present in synovial fluid. Its concentration, like that of serum proteins in general, is probably raised in the synovial fluid of patients with rheumatoid arthritis. There is the possibility that purified ceruloplasmin was less active than that endogenously present in blood serum due to partial denaturation of the glycoprotein during the process of isolation and purification. Small differences in activity of different purified ceruloplasmin preparations were noted.
The observation that hyaluronic acid in synovial fluid of patients with rheumatoid arthritis is depolymerized in the presence of raised concentrations of 74 group.bmj.com on June 21, 2017 -Published by http://ard.bmj.com/ Downloaded from CERULOPLASMIN IN SYNOVIAL FLUID ceruloplasmin and a second factor which inhibits depolymerization of hyaluronic acid is difficult to explain. It is suggested that, in the joints of these patients, hyaluronic acid is depolymerized by a mechanism other than that involving ascorbic acid, and that the increase in ceruloplasmin concentration is a secondary event which may inhibit further depolymerization by the reaction involving ascorbic acid.
It cannot be precluded that the results of the present study were not influenced by post mortem changes which take place in synovial fluid. Platt, Pigrnan, Holley, and Patton (1956) (1965a) observed that, within the limits of normal variation and experimental error, the concentration of ceruloplasmin was the same in post mortem synovial fluid as in normal human synovial fluid.
Summary and Conclusions
The effect of ceruloplasmin on the ascorbic acid-induced depolymerization of hyaluronic acid as judged from changes in fluidity was studied. Hyaluronic acid in rheumatoid synovial fluid was more resistant to depolymerization by ascorbic acid than that in post mortem synovial fluid. The increased concentration of ceruloplasmin in synovial fluid from patients with rheumatoid arthritis is probably in part responsible for this difference. Other factors appear to be present in blood serum and probably also in synovial fluid which are active in inhibiting ascorbic acid-induced depolymerization ofhyaluronic acid.
